Emetic toxin-producing Bacillus cereus (emetic B. cereus) is the third member of B. cereus group whose toxins are encoded by megaplasmids, beside anthrax and insecticidal toxins of B. anthracis and B. thuringiensis, respectively. A total of 18 emetic isolates collected from food poisoning events, clinical and non-random food samples in Zhejiang province of China, were analyzed by plasmid screening, pulse field gel electrophoresis, multilocus sequence typing, and toxic gene identification to investigate their genotypic diversity. In this study, 13 plasmid profile types, 14 pulse types and 6 different STs from emetic isolates were detected, in which ST 1035,1038,1053,1054 and 1065 were first assigned and reported. The toxic gene ces existed on its own, or coexisted with other toxic genes bceT, cytk, entFM and nhe, but never with hbl in emetic isolates. The results demonstrated that the emetic B. cereus strains from China were heterologous at genotypic level.
INTRODUCTION
Bacillus cereus is a ubiquitously soil-originated, endosporeforming, aerobic and opportunistic foodborne pathogen (Arnesen, Fagerlund and Granum 2008; Bottone 2010) . It is a heating and thermal sterilization-resistant species, contaminates varieties of food such as ready-to-eat food, milk powder and sausage, causes diarrhea and emesis in food poisoning. The diarrheal syndrome is related with kinds of enterotoxins including non-hemolytic enterotoxin (NHE), hemolysin BL (HBL), cytotoxin K (CytK), bc-D-ENT and EntFM, while the vomiting syndrome is caused by emetic toxin cereulide, a small thermostable pep- (Granum and Lund 1997; Ehling-Schulz et al. 2006b ). The cereulide is encoded by cereulide synthetase gene on a pXO1-like megaplasmid, which leads to sudden liver failure or acute meningoencephalitis in some fatal cases (Marley et al. 1995; Agata, Ohta and Mori 1996; Mahler et al. 1997; Mikkola et al. 1999; Dierick et al. 2005; EhlingSchulz et al. 2006a; Naranjo et al. 2011) .
The emetic toxin-producing B. cereus strain (emetic B. cereus in short) is the third member of B. cereus group whose toxins such as anthrax, cereulide and insecticidal toxins are encoded by genes on megaplasmids (Ehling-Schulz et al. 2005; Hoton et al. 2005) .The emetic B. cereus strains are rare and even none of them could be detected in B. cereus surveillances, although nontoxic or diarrheal B. cereus strains are widely distributed in various ecological environments and easily isolated from varieties of foodstuffs (Altayar and Sutherland 2006; Chaves, Pires and Vivoni 2011; Samapundo et al. 2011) . The genetic diversities of emetic strains from many countries have been studied; however, there were no corresponding research carried out in China (Zhou et al. 2010; Li et al. 2016 ). There were also still no definite conclusions on whether the emetic strains belonged to a single clone or a diversiform complex among B. cereus sensu stricto (Apetroaie et al. 2005; Barker, Thakker and Priest 2005; Ehling-Schulz et al. 2005; Vassileva et al. 2007; Kim et al. 2011b) .
In this study, the genotypic diversity of 18 emetic B. cereus isolates from Zhejiang province, China, was analyzed with plasmid band profiling, pulsed-field gel electrophoresis (PFGE), multilocus sequence typing (MLST) and toxic gene identification. The results would extend us comprehensively understanding on the genetic characteristics of emetic B. cereus strains.
MATERIALS AND METHODS

Bacterial strains
Eighteen emetic isolates (numbered as BC01, BC02, BC03-BC13, BC15-BC19) were confirmed by PCR detection of ces gene and HPLC-MS analysis of cereulide. BC01 was collected from food poisoning events in 1999, BC02-05 were from hospitals and rest of isolates were collected from non-random food samples such as cooked rice, pasta and infant formula between 2000 and 2014.
Plasmid fingerprinting
Strains growing 14 h on nutritional agar plates (Luqiao, Beijing, China) were collected and washed three times by sterilized ultrapure water. The plasmid was extracted from above precipitated cells by QIAprep Spin Miniprep Kit (QIAGEN GmbH, Germany). The intact plasmid DNA without restriction endonuclease digestion was electrophoresized in 1% agarose gel, and electrophoresis bands were used as plasmid profiles for analysis.
PFGE analysis
Seakem Gold agarose (Rockland, ME, USA) imbedded DNA was prepared from 14 h cultures and digested with 30 U of Smal I (Takara, Dalian, China) at 30
• C for 3 h. Electrophoresis was per- 
MLST analysis
Seven housekeeping genes (glp, gmk, ilv, pta, pur, pyc and tpi) used in the MLST analysis, the primers sequences and PCR amplification conditions were followed as PubMLST/Bacillus cereus required (http://pubmlst.org/bcereus/info/primers.shtml). The primers were synthesized by Sangon, Shanghai, China. The PCR kit (Takara, Dalian, China), Mastercycler proS (Eppendorf, Germany), Electrophoresis and Gel Imaging System (BioRad, Hercules, CA, USA) were used in PCR reaction. Purification kit SK1131 (Sangon, Shanghai, China) and 3730XL Genetic Analyzer (Applied Biosystems, CA, USA) were used in PCR product purification and sequencing. The phylogenetic relationships of strains were inferred by split-decomposition analysis of different MLST types.
Toxic gene detection
Toxic genes of cereulide (ces), non-hemolytic enterotoxin (nheA, nheB, nheC), hemolysin BL (hblC, hblD), cytotoxin K (cytK), diarrheal enterotoxin bc-D-ENT (bceT) and EntFM (entFM) in 18 strains and 1 type strain ATCC 14579 were screened by ordinary PCR. The B subunit of DNA gyrase gene, gyrB, was amplified in each case as a positive control to confirm the quality of PCR (Santos et al. 2011) . Total genomic DNA was extracted with Bacterial DNA kit (Omega, Bio-Tek) according to operating instruction. The primers and PCR conditions were described by Santos et al. (2011) for genes bceT and gyrB, and by Kim et al. (2011a) for rest of the toxic genes.
Data analysis
The dendrograms of all emetic strains in plasmid and PFGE profiles were generated with the UPGMA algorithm (BioNumerics 6.6). The split decomposition analysis based on our own MLST data was performed with Splits tree 4.14.2 (Huson and Bryant 2006) .
RESULTS
The plasmid profiles
A total of 12 distinct plasmid profiles were assigned to 18 emetic isolates, among which 4 profiles were with more than one member (BC02, BC03, BC05, BC06; BC12, BC15; BC13, BC17; BC18, BC19) (Fig. 1) . All plasmid profiles were with at least two, and up to seven DNA bands, in all of which 2.5 kb DNA band was occurred. The similarities of the plasmid profiles were ranged from 36.1% to 100%.
The PFGE profiles
A total of 13 PFGE pulse types were assigned to 18 isolates, of which 4 pulse types were shared by two or three strains (BC03, BC04, BC05; BC10, BC11; BC12, BC13; BC18, BC19), and rest of distinctive pulse types were shared by single isolate (Fig. 2) . The similarities of all pulse types were ranged from 3.7% to 100%.
The MLST profiles
Six different STs were assigned to 18 isolates, of which ST 26 was assigned to 2/3 isolates (12/18) from rice noodles and cooked rice. The other STs including 1035,1038,1053,1054 and 1065 were assigned to isolates from infant formula (Table 1) . Six STs in this study, except for STs 1053 and 1054, were not originated from same ancestry, and they evolved into four different directions by split decomposition analysis (Fig. 3) .
The toxic genes profiles
ces, the specific gene for emetic B. cereus strain, was detected in all 18 isolates. nhe was detected in most of isolates (88%, 14/16). entFM was detected in 5 isolates. bceT and cytK were only detected in BC01 and BC16, respectively. However, in none of isolates hbl was detected. All toxic genes except for hbl were detected in BC16 (Table 2 ). 
DISCUSSION
Plasmid profiling, or plasmid fingerprinting, is a traditional firstgeneration typing tool for pathogenic bacteria, extensively used in Gram-negative strain typing (Tsen et al. 2000) . Since emetic Bacillus cereus strains are characterized by carrying pXO1-like megaplasmid, their genetic diversity could be partly investigated by plasmid profiling method (Nishikawa et al. 1996) . The genetic diversity of the emetic isolates was obviously revealed by 12 distinctive plasmid profiles. One 2.5-kb DNA band occurred in all plasmid profiles and over 36.1% similarities of their plasmid profiles indicated that their plasmids of emetic isolates had part of common characters, though their species or numbers were different to some extent. PFGE, as a sensitive molecular typing technique, has been successfully used to study the epidemiology of B. cereus group (Hoton et al. 2009; Kuroki et al. 2009 ). Different PFGE pulse types are demonstration for bacterial genetic diversiform both in chromosomal and extrachromosomal genome. A total of 13 pulse types with 3.7% utmost similarities from 18 isolates showed distinctly genetic diversities of emetic strains, which has been found before (Castiaux et al. 2014) .
MLST is a portable and communicable molecular typing tool and widely used in bacterial pathogen typing (Maiden 2006 ; BC01  1065  3  2  31  5  19  3  2  Cooked rice  BC02  26  3  2  31  5  16  3  4  Cooked rice  BC03  26  3  2  31  5  16  3  4  Cooked rice  BC04  26  3  2  31  5  16  3  4  Fried rice noodles  BC05  26  3  2  31  5  16  3  4  Hot dog  BC06  26  3  2  31  5  16  3  4  Cooked rice  BC07  26  3  2  31  5  16  3  4  Cooked rice  BC08  26  3  2  31  5  16  3  4  Fried rice noodles  BC09  26  3  2  31  5  16  3  4  Cold noodles  BC10  1038 58  34  31 48  16  20 26 Infant formula  BC11  26  3  2  31  5  16  3  4  Cooked rice  BC12  1053 19  2  21  5  16  3  55 Infant formula  BC13  1054 19  2  31  5  16  3  55 Infant formula  BC15  1035  3  2  31  5  9  3  4  Infant formula  BC16  1065  3  2  31  5  19  3  2  Infant formula  BC17  26  3  2  31  5  16  3  4  Cooked rice  BC18  26  3  2  31  5  16  3  4  Cooked rice  BC19  26  3  2  31  5  16  3  4 Cooked rice Vassileva et al. 2006; Hyytia-Trees et al. 2007) . Except for popular MLST type ST 26 of emetic B. cereus (Priest et al. 2004) , the STs 1035, 1038, 1053, 1054 and 1065 were first found in this study. The isolates from infant formula have more various STs than from farinaceous food samples, which matched with the findings that B. cereus isolated from dairy products had more various 
The data of emetic control strain F4810/72 was referred from Ehling-Schulz et al. (2005) . 'N' means that detection of the toxic gene in this column was not conducted in reference. genetic characters than from other kinds of food (Helgason et al. 2000) . The phylogenetic analysis of MLST profiles showed that the emetic isolates in China are genetically diverse, belong to a complicated complex, not a simple clone, or single clade suggested by Ehling-Schulz et al. (2005) and Vassileva et al. (2007) . Except for ces toxic gene, BC02 and BC03 contained none of any other toxic genes, while BC16 contained almost all of detected toxic genes but hbl, on which we deduced that virulent emetic strains might derived from non-virulent or diarrheal strains (with enterotoxin genes) when the megaplasmids with ces gene entered and paralyzed in them. Even so, the B. cereus megaplasmid could horizontally transfer into B. weihenstephanensis and B. thuringiensis, and the recipient bacteria displayed emetic strains' virulence (Thorsen et al. 2006; Didelot et al. 2009 ). Though hbl toxic gene seldom occurred in emetic strains, López et al. (2015) have detected it in emetic strains. One possible reason was that the B. cereus strain with hbl gene in itself was not common in China (Li et al. 2016) .
Among all 18 isolates only two pairs of BC03 and BC05, as well as BC18 and BC19 were respectively with almost same genetic characters according to their plasmid, PFGE and MLST profiles, except for small difference in toxic gene nhe. Since none of 18 isolates from infant formula in China were with same genetic characters, it indicated that the emetic isolates are genotypic heterogeneity.
CONCLUSIONS
The findings of this study support the likelihood that the emetic Bacillus cereus strains display high genetic plasticity. We suggest that multiple genetic features would be considered and various molecular typing tools would be used in detection and phylogenetic analysis of emetic B. cereus strains. 
